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(57) ABSTRACT

A semiconductor structure and its manufacturing method
including multiple steps are provided. First, a patterned cir-
cuit board having a substrate and a patterned circuit layer is
provided. The substrate includes a first surface, a second
surface, at least one connecting channel, and at least one
conductive through hole, wherein patterned circuit layer is
disposed on the first surface, a second surface, and the inside
wall of the conductive through hole. Then, the patterned
circuit board is disposed on a carrier, and the patterned circuit
layer disposed on one of the first surface and the second
surface is touched with the carrier. Then, a filling process is
applied. A filling material flows to the conductive through
hole via the first surface or the second surface from the con-
necting channel. Then, a package material is provided to
produce a semiconductor structure.

10 Claims, 4 Drawing Sheets
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Providing a substrate having a first surface and a second surface —S1
corresponding to the first surface, with at least one connecting channel.

Y

Structuring at least one conductive through hole on the substrate. - —S2

Y

Forming an insulating layer on the first surface, the second surface, and Q3
cach of the conductive through holes.

Y
Developing a patterned circuit layer to complete a patterned circuit Q4
board.

Y
Disposing the patterned circuit board on a carrier that the patterned L—S5

circuit layer on the first or second surface touches the carrier.

Y
Implementing a filling process to the connecting channel, in which a L —S6
filling material flows to the conductive through hole from the connecting
channel via the first or second surface.

Y

Providing at least one chip and electrically connecting each of the chips | Q7
to the patterned circuit layer corresponding to the chip.

Y
Providing a packaging glue for covering each of the chips and a part of g8
the substrate to form a semiconductor structure.

Y
Implementing a cutting process to the connecting channel to form a g9
plurality of semiconductor units.

Y

Removing the carrier. L—S10

FI1G.1
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SEMICONDUCTOR CONSTRUCTION,
SEMICONDUCTOR UNIT, AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Taiwan Patent Appli-
cation No. 101145196, filed on Nov. 30, 2012, the contents of
which are hereby incorporated by reference in their entirety
for all purposes.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor structure,
a semiconductor unit, and a manufacturing method thereof;
more particularly, to a semiconductor structure, a semicon-
ductor unit, and a manufacturing method thereof. In the semi-
conductor structure and a semiconductor unit, the filling
material in a connecting channel and the filling material in a
through hole are connected to each other.

2. Description of the Prior Art

In recent years, with the rapid improvement in production
technology of electronics industry, the circuit boards are
designed to carry a variety of fine-sized electronic compo-
nents to be extensively applied in electronic products of dif-
ferent functions. The circuit board needs to be packaged after
the electronic components i.e. chips are mounted, so the chips
will not be affected by the environment. Because the current
circuit board has through holes within, when the chip pack-
aging process is implemented to a surface of the circuit board,
the packaging material may flow from one surface of the
circuit board to another surface of the circuit board in the
reversed side via the through holes. This contaminates the
circuit on another surface and an additional cleaning process
would have to be employed for removing the excessive glue.
The implementation of the cleaning process, however, would
result in the increase in cost as well as overall complexity of
the chip packaging process. The chemicals used in such pro-
cess might also affect the circuit on the circuit board and alter
the signal transmission quality of the circuit.

SUMMARY OF THE INVENTION

The present invention provides a manufacturing method of
a semiconductor structure that prevents the packaging mate-
rial flowing from the chip bonding surface to the correspond-
ing surface in reversed side via the through hole when the chip
packaging process is implemented, that is, effectively
restricting the packaging material within the chip bonding
surface.

The present invention provides a semiconductor structure
which can keep the cleanness of the circuit on the correspond-
ing surface after the chip packaging process is implemented.

The present invention provides a semiconductor structure
which includes a substrate, a patterned circuit layer, at least
one chip, a filling material, and a packaging material such as
phosphor and glue. The substrate has a first surface and a
second surface, with at least one through hole and at least one
connecting channel. The patterned circuit layer is disposed on
the first surface, the second surface, and all of the through
holes, where the patterned circuit layer in the through hole is
electrically connected to the patterned circuit layers on the
first and second surfaces. The chips are bonded on the sub-
strate and electrically connected to the patterned circuit layer.
There are three parts of the filling material, i.e. first part,
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second part, and third part, where the through holes and
connecting channels are filled by first part and third part,
respectively. And, the second part connects the first and the
third parts. The filling material is an insulating material such
as epoxy or silicone glue. The packaging material covers all
of the chips and some portion of the substrate.

The present invention further provides a manufacturing
method of a semiconductor structure and the manufacturing
method includes the following steps. Firstly, a substrate hav-
ing a first surface in one side, a second surface in reversed
side, and at least one connecting channel is provided. After at
least one through hole is formed in the substrate, an insulating
layer is disposed on the first surface, the second surface, and
the inner wall of all through holes. After that, a patterned
circuit layer is developed on the insulating layer to form a
patterned circuit board. The patterned circuit layer is disposed
on the first surface, the second surface, and in each of the
through holes. The patterned circuit layer in the through hole
is electrically connected to the patterned circuit layers on the
first and second surfaces. Next, the patterned circuit layer is
disposed on a carrier so that the patterned circuit layer on the
first or the second surface touches the carrier closely. A filling
material is then dispensed to the connecting channel, where
the filling material flows to the through hole from the con-
necting channel via the first or second surface so as to make
the filling material fill up the through hole. Then, the filling
material is cured. The filling material is an insulating mate-
rial. After above mentioned processes, at least one chip is
provided and each of the chips is electrically connected to the
corresponding patterned circuit layer. A packaging material
such as phosphor and glue is dispensed to cover all of the
chips and some portions of the substrate to form a semicon-
ductor structure.

According to the foregoing, the present invention is about
implementing a filling process to the connecting channel or
the through hole after disposing the patterned circuit board on
acarrier so that the patterned circuit layer of the first or second
surface touches the carrier closely. Therefore a filling mate-
rial flows to the through hole from the connecting channel via
the first or second surface, so as to complete the filling pro-
cess. As a result, during the chip packaging process, the
packaging material will be restricted within the chip bonding
surface and will not flow from the chip bonding surface to the
surface in reversed side via the through hole. That is, the
present invention may effectively restrict the flow of packag-
ing material in order to maintain the cleanness and quality of
the circuit on the surface of reversed side after chip packaging
process is completed.

It is noted that due to the poor thermal conductivity of the
insulating layer, the insulating layer on the first and the sec-
ond surfaces may be patterned, such that the chips may be
placed at parts with no insulating layer and the waste heat
produced by the chips could be easily excluded from the
semiconductor structure.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart illustrating the fabrication of a semi-
conductor structure according to a preferred embodiment of
the present invention;

FIGS. 2A to 2H are cross-sectional views of the manufac-
turing method of a semiconductor structure in FIG. 1; and



US 9,209,371 B2

3

FIG. 3 is a schematic view of a process of dispensing a
filling material to a connecting channel and a through hole
according to another preferred embodiment of the present
invention.

DETAILED DESCRIPTION

FIG. 1 is a flowchart illustrating the fabrication of a semi-
conductor structure according to a preferred embodiment of
the present invention. Referring to FIG. 1, the manufacturing
method of a semiconductor includes the following steps. In
step S1, a substrate having a first surface in one side, a second
surface in the reversed side, and at least one connecting chan-
nel is provided. In step S2, at least one through hole is formed
in the substrate. In step S3, an insulating layer is formed on
the first surface, the second surface, and the inner wall of all
through hole.

Step S4 is executed after the implementation of step S3. In
step S4, a patterned circuit board is completed by the forma-
tion of a patterned circuit layer on the insulating layer. In step
S5, the patterned circuit board is disposed on a carrier so that
the patterned circuit layer on the first or second surface
touches the carrier closely. In step S6, a filling material is
dispensed to the connecting channel so that the filling mate-
rial flows to the through hole from the connecting channel via
the first or second surface. In step 7, the filling material is
baked and cured, and the carrier is removed afterwards.

Step S8 is executed after the implementation of step S7. In
step S8, at least one chip is provided and each of the chips is
electrically connected to the corresponding patterned circuit
layer. In step S9, a packaging material is applied to cover each
of'the chips and a part of the substrate to form a semiconduc-
tor structure. Naturally, the completion of the semiconductor
structure is followed by step S10, in which a cutting process
is implemented to the connecting channel to form a plurality
of semiconductor units. In the following context, the above-
mentioned manufacturing method of a semiconductor will be
illustrated by detailed cross-sectional views.

FIGS. 2A to 2H are cross-sectional views of the manufac-
turing method of a semiconductor structure in FIG. 1. The
manufacturing method of a semiconductor structure is stated
as follows. As shown in FIG. 2A, a substrate 210 having a first
surface 210a in one side, a second surface 2104 in the
reversed side, and at least one connecting channel 212 is
provided. The substrate 210 is made of metal or other suitable
materials. The connecting channel 212 is a hollow portion of
the substrate 210, for example: a dicing channel. Next, at least
one through hole 214 is formed on the substrate 210 as shown
in FIG. 2B. In this embodiment, the through hole 214 is
adjacent to the connecting channel 212 and structured by, for
example, mechanical drilling, laser ablation, or other suitable
methods. After forming at least one through hole 214 on the
substrate 210, an insulating layer 220 is formed on the first
surface 210a, the second surface 21054, the inner walls of all
through hole 214, and the inner walls of all connecting chan-
nel 212, as shown in FIG. 2C. The insulating layer 220 may be
formed by print coating, chemical vapor deposition, or other
suitable methods; its material may be resin, other organic
material, or suitable insulating materials such as silicon diox-
ide, silicon nitride, and aluminum oxide. Besides, the insu-
lating layer 220 on the first surface 210a and the second
surface 2105 may be fabricated to a pattered insulating layer
220, thus a part of the substrate 210 will be exposed and later
used to place the chips for heat dissipation.

Consequently, as shown in FIG. 2D, a patterned circuit
board 200 is completed by developing a patterned circuit
layer 230 on the insulating layer 220 with methods such as
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plating, photolithography, and etching. In this embodiment,
the patterned circuit layer 230 is located on the first surface
2104, the second surface 21054, and in the inner walls of all
through holes 214. The patterned circuit layer 230 in the
through holes 214 is electrically connected to the patterned
circuit layer 230 on the first surface 210a and the patterned
circuit layer 230 on the second surface 21054. That is, the
through hole 214 is a conductive channel 214'. After that, as
shown in FIG. 2E, the patterned circuit board 200 is disposed
on a carrier 300 so that the patterned circuit layer 230 on the
first surface 210a or the second surface 2105 touches the
carrier 300 closely. It is noted that the patterned circuit layer
230 on the second surface 2104 that touches the carrier 300 in
FIG. 2E is an example and the carrier 300 may be but not
limited to a tape or any carriers with an even surface.

As shown in F1G. 2F, afilling process is implemented to the
connecting channel 212 that a filling material 240 flows to the
through holes 214 from the connecting channel 212 via the
first surface 210a or the second surface 21056. The filling
material 240 possesses a proper flow property. Its viscosity
coefficient is, for example, between 400 cps and 4000 cps,
preferably between 500 cps and 2000 cps. The filling material
240 that flows to the through holes 214 via the first surface
210aq in FIG. 2F is served as an example, in which the filling
material 240 may be baked and cured after the filling process
and the filling material 240 may be an insulating material. In
this embodiment, the cured filling material 240 may be
defined as a first part 240a, a second part 2405, and a third part
240c¢, in which the first part 2404 fills the through holes 214,
the third part 240c¢ fills the connecting channel 212, and the
second part 2405 connects the first part 240a and the third part
240c.

In detail, when a part of the patterned circuit layer 230
between the through hole 214 and the connecting channel 212
is disposed on the first surface 210qa and the patterned circuit
board is disposed on the carrier 300 that the first surface 210a
faces towards the carrier 300, the thickness of the patterned
circuit layer 230 is the distance between the carrier 300 and
the first surface 2104, and a flow channel C exists between the
carrier 300 and the first surface 210a. The filling material 240
flows between the connecting channel 212 and the through
hole 214 via the flow channel C and the filling material 240 in
the flow channel C becomes the second part 2405 after curing.
The surface of the second part 2405 is higher than the first
surface 210a, and is lower than or equal to the patterned
circuit layer 230 corresponding to the first surface 210a. It is
worth mentioning that during the process of dispensing the
filling material 240 into the connecting channel 212 in this
embodiment, the siphon principle is used for the filling of the
through hole 214 that connects to the connecting channel 212,
and the filling material 240 fills the through hole 214 in a
direction D1 away from the carrier 300. Moreover, in this
embodiment, the filling material 240 is baked and cured after
the filling process and the carrier 300 is removed afterwards.
The chip packaging process will continue after the removal of
carrier 300. A detailed description of the chip packaging
process will be illustrated as follows.

As shown in FIG. 2G; at least one chip 250 (two chips in
this embodiment) is disposed on the first surface 210a and
each of the chips 250 is electrically connected to the corre-
sponding patterned circuit layer 230. A packaging material
260 is provided for covering each of the chips 250 and a
portion of the substrate 210 to form a semiconductor structure
20. In this embodiment, each of the chips 250 is electrically
connected to the corresponding patterned circuit layer 230,
the chip 250 and the patterned circuit layer 230 are connected
to each other with for example, the wire bonding method, and
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the packaging material 260 may be a suitable material such as
epoxy or silicone. Naturally, after the fabrication of the semi-
conductor structure 20 is completed, a cutting process may be
implemented to the connecting channel 212 to form a plural-
ity of semiconductor units, as shown in FIG. 2H. Accordingly,
two sides of the foregoing connecting channel 212 form a first
semiconductor unit 20aq and a second semiconductor unit 205,
respectively. The packaging material 260 is transparent glue
and the chip 250 is a light-emitted diode, for example.

According to the above description, after the implementa-
tion of the cutting process, a part of the cured filling material
240 exists on the side of the substrate 210c in each semicon-
ductor unit. Such filling material 240 is the above-mentioned
third part 240c. Moreover, in the above embodiments, the
filling process in the connecting channel 212 is an example; in
other embodiments, the filling process may be implemented
in a specific or a suitable through hole 214 in coordination
with manufacturing methods or other special needs, such that
the filling material 240 flows from one through hole 214 to
another or to the connecting channel 212, and then to another
through hole 214. Any filling process implemented in the
connecting channel 212 or the through hole 214 by the struc-
ture of connected connecting channel 212 and the through
hole 214 is included in the scope of the present invention; no
limitation regarding this matter is imposed herein.

In addition, in the above embodiment, the carrier 300 is
removed after the filling material 240 is cured. In other
embodiment, the carrier may be removed after the chip pack-
aging and cutting processes are completed.

In the present invention, in addition to the filling process
that the filling material 240 fills the connecting channel 212
and the through hole 214 as illustrated in FIG. 2F, another
filling process in the connecting channel 212 and the through
hole 214 may be used. Referring to FIG. 3, it is a schematic
view of a filling process in the connecting channel 212 and the
through hole 214 according to another embodiment of the
present invention. In this embodiment, a portion of the pat-
terned circuit layer 230 between the through hole 214 and the
connecting channel 212 is disposed only on the first surface
210aq and the patterned circuit board 200 may be disposed on
the carrier 300 in the manner that the first surface 2104 faces
towards the carrier 300, so that the part of the patterned circuit
layer 230 on the first surface 210a touches the carrier 300
closely. Therefore after filling up in the connecting channel
212 and the space between the connecting channel 212 and
the carrier 300, the filling material 240 overflows from the
connecting channel 212 to the through hole 214 via the sec-
ond surface 2105. The second part then forms on the second
surface 2104.

In detail, because the patterned circuit layer 230 is formed
between the second surface 2105 between the through hole
214 and the connecting channel 212 in FIG. 2F, a flow channel
C exists between the carrier 300 and the portion of the first
surface 2104 between the through hole 214 and the connect-
ing channel 212. On the contrary, in this embodiment,
because the patterned circuit layer 230 exists on the portion of
the first surface 210a between the through hole 214 and the
connecting channel 212, the patterned circuit layer 230 on the
portion of the first surface 210a between the through hole 214
and the connecting channel 212 will prevent the filling mate-
rial 240 from flowing in the space between the patterned
circuit board 200 and the carrier 300. Thus in this embodi-
ment, after filling up in the connecting channel 212 and the
space between the connecting channel 212 and the carrier
300, the filling material 240 overflows from the connecting
channel 212 to the through hole 214 via the second surface
2105 to complete the filling process of the through hole 214.
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In this filling process, the filling material 240 fills the through
hole 214 in a direction D2 towards the carrier 300.

According to the above, in the filling process of the
embodiment, since a part of the patterned circuit layer 230 is
disposed on the portion of the first surface 210a between the
through hole 214 and the connecting channel 212, the second
part 2405 is formed on the second surface 2105. On the
contrary, if a part of the patterned circuit layer 230 is disposed
only on the portion of the second surface 2105 between the
through hole 214 and the connecting channel 212, the second
part 2405 will form on the first surface 210a. Correspond-
ingly, the surface of the second part 2405 will be higher than
the first surface 210a and lower than or equal to the patterned
circuit layer 230 corresponding to the first surface 210a.

In the above embodiments, the patterned circuit board 200
is disposed on the carrier 300 in the manner that the first
surface 2104 faces towards the carrier 300. A person skilled in
the art may also dispose the patterned circuit board 200 in the
manner that the second surface 2105 faces towards the carrier
300.

In summary, in the present invention, after the patterned
circuit board is disposed on a carrier that the patterned circuit
layer on the first or second surface touches the carrier, the
filling process is implemented in the connecting channel or
the through hole, in which the filling material flows to the
connecting channel or the through hole from the connecting
channel or the through hole via the first or second surface, so
as to complete the filling process to the connecting channel
and the through hole.

That is, the present invention may effectively restrict the
flow of the packaging material and thus maintain the clean-
ness and the quality of the circuit.

The present invention resolves the disadvantages found in
prior art. During the chip packaging process, an additional
cleaning process needs to be employed for removing the
excessive packaging material on the surface in the reversed
side after the packaging material overflows. Because the
cleaning process increases the cost as well as the complexity
of overall packaging process, the present invention effec-
tively decreases cost and simplifies the packaging process.
Furthermore, since a metal substrate with the hollow dicing
channel is used in the present invention, during the cutting
process the cutting tool is cutting the hollow dicing channel,
thus reducing the attrition of the cutting tool and the packag-
ing cost.

Moreover, other than the light-emitted diode, the above-
mentioned chips may be semiconductor chips in other forms
such as logic IC, memory IC, analog IC, or CMOS sensor
component.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.

What is claimed is:

1. A semiconductor structure comprising:

a substrate having a first surface, a second surface, at least
one through hole, and at least one connecting channel;

a patterned circuit layer disposed on the first surface, the
second surface, and in each of the at least one through
hole, wherein the patterned circuit layer in the at least
one through hole is electrically connected to the pat-
terned circuit layer on the first and second surfaces;

at least one chip bonded on the first surface and electrically
connected to the patterned circuit layer;

a filling material having a first part, a second part, and a
third part, wherein the first part fills the at least one
through hole, the third part fills all of the at least one
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connecting channel, and the second part is connected
between the first part and third part; and

apackaging material covering each of the at least one chip
and a part of the substrate, with the packaging material
not connected with the filling material;

wherein a surface of the second part of the filling material
is higher than a top of the first surface and is lower than
or equal to a top of the patterned circuit layer corre-
sponding to the first surface.

2. The semiconductor structure as in claim 1, wherein the

substrate is a metal substrate.

3. The semiconductor structure as in claim 2, further com-
prising an insulating layer wherein the insulating layer is
disposed on the first surface, the second surface, and an inner
wall of each through hole, and the patterned circuit layer is
disposed on the insulating layer.

4. The semiconductor structure as in claim 1, wherein the
chip is a light-emitted diode (LED) and the packaging mate-
rial is a transparent glue.

5. The semiconductor structure as in claim 1, wherein the at
least one through hole is adjacent to the at least one connect-
ing channel, the second part is located on a portion of the first
surface between the at least one through hole and the at least
one connecting channel when a part of the patterned circuit
layer is disposed on a portion of the second surface between
the at least one through hole and the at least one connecting
channel.

6. A semiconductor unit comprising:

a substrate having a first surface, a second surface, and at

least one through hole;

a patterned circuit layer disposed on the first surface, the
second surface, and in all ofthe at least one through hole,
wherein the patterned circuit layer in the at least one
through hole is electrically connected to the patterned
circuit layer on the first surface and the patterned circuit
layer on the second surface;
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at least one chip disposed on the first surface and electri-
cally connected to the patterned circuit layer;

a filling material having a first part, a second part, and a
third part, wherein the first part fills the at least one
through hole, the third part is located on the side of the
substrate adjacent to the at least one through hole, and
the second part is connected between the first part and
the third part; and

a packaging material covering each of the at least one chip
and a part of the substrate, and the packaging material
not connected with the filling material;

wherein a surface of the second part of filling material is
higher than a top of the first surface and is lower than or
equal to a top of the patterned circuit layer correspond-
ing to the first surface.

7. The semiconductor unit as in claim 6, wherein the sub-

strate is a metal substrate.

8. The semiconductor unit as in claim 7, wherein an insu-
lating layer is further disposed on the first surface, the second
surface, and an inner wall of each through hole, and the
patterned circuit layer is disposed on the insulating layer.

9. The semiconductor unit as in claim 6, wherein the pack-
aging material is a transparent glue and the chip is a light-
emitted diode.

10. The semiconductor unit as in claim 6, wherein when a
part of the patterned circuit layer is disposed on a portion of
the first surface between the through hole and the side of the
substrate, the second part is located on a portion of the second
surface between the through hole and the side of the substrate;
when a part of the patterned circuit layer is disposed on the
portion of the second surface between the through hole and
the side of the substrate, the second part is located on the
portion of the first surface between the through hole and the
side of the substrate.



